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SPECIFICATION 

1. Title of the Invention 

Method for Carbonizing Synthetic Resin 

2. Claims 

A method for obtaining carbonaceous material with an enlarged pore volume, 
characterized in that when carbonizing a synthetic resin prepared with divinyl benzene as the 
cross-linking agent, a synthetic resin with a divinyl benzene content of 10 to 30% is used, and 
the synthetic resin is saturated with concentrated sulfuric acid under reduced pressure, and is 
then carbonized in an inert gas current at 600 to 800°C 
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3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a method for carbonizing a synthetic resin, and more 
specifically relates to a method for obtaining spherical carbonaceous material with a large pore 
volume and great mechanical strength. 

The spherical carbonaceous material obtained by means of the present invention can be 
used as an adsorbent for artificial livers, a catalyst carrier, an enzyme immobilizing material, a 
filler for an affinity chromatograph or another such widely used adsorbent, or a preservative. 

(Prior Art) 

Generally, when a synthetic resin is subjected to heat treatment, the synthetic resin melts, 
and in many cases the resin is carbonized having lost its original shape. Consequently in such a 
case, the pore structure originally present in the synthetic resin is damaged. There are methods 
for carbonizing these resins by means of introducing a sulfate group or the like (for example, JP 
(Kokai) No. 51-126390), but these methods have had many problems in that although it is 
possible to prevent the synthetic resin from melting completely, the pore volume of the resulting 
carbides is considerably less than that of the original resin, and the activation rate is low. 
Therefore it has been difficult to use such carbides as adsorbents. 

(Problems To Be Solved by the Invention) 

The present invention was perfected to solve the problems in question, and is designed to 
easily obtain carbonaceous material with a greater pore volume than the synthetic resin serving 
as the starting material at a high yield, and to obtain activated carbon at low cost. 

(Means Used to Solve the Above-Mentioned Problems) 

The present invention relates to a method for obtaining carbonaceous material with an 
enlarged pore volume, characterized in that when carbonizing a synthetic resin prepared with 
di vinyl benzene as the cross-linking agent, a synthetic resin with a divinyl benzene content of 10 
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to 30% is used, and the synthetic resin is saturated with concentrated sulfuric acid under reduced 
pressure, and is then carbonized in an inert gas current at 600 to 800°C. 

The present invention will now be described with reference to a synthetic resin 
containing divinyl benzene (hereinafter referred to as DVB) as a cross-linking agent. The 
synthetic resin with a DVB content of 10 to 30% is saturated with concentrated sulfuric acid 
under reduced pressure, whereby it is possible to prevent the synthetic resin from melting and the 
pore volume from being reduced, and consequently the pore volume can be increased, pores can 
be developed, and the carbonization yield can be improved. 

In the present invention, a synthetic resin with a DVB content of 10 to 30% is used, but 
when one with a DVB content of 10% or less or 30% or more is used, the desired effects are not 
obtained and the pore volume does not increase during carbonization. Specifically, the DVB 
content and the cross-linking density are generally said to be in proportion, but it is believed that 
the resin structure is easily broken due to the saturation of concentrated sulfuric acid when there 
are few cross-links, and the saturation of concentrated sulfuric acid achieves the reverse effect, 
making it impossible to maintain the pore structure. Therefore, such effects as achieved by 
means of the present invention cannot be obtained in a resin with a DVB content of 10% or less. 

Conversely, when the DVB content exceeds 30%, the cross-linking bonds become too 
strong, the structure of the synthetic resin becomes firm, the swelling effect cannot be obtained 
even by means of a saturation with concentrated sulfuric acid, and the effect of increasing the 
pore volume cannot be obtained. 

Various methods are considered for saturation with concentrated sulfuric acid, but when 
saturation is performed under normal pressure or increased pressure, the concentrated sulfuric 
acid is not dispersed evenly and acts only in certain locations, which does not yield sufficient 
effects. This is believed to be due to the fact that the concentration of sulfuric acid reaches a 
high level only in certain locations and the resin disintegrates. 

However, when saturation is performed under reduced pressure, these problems are not 
observed, the concentrated sulfuric acid acts uniformly, and the resulting carbonaceous material 
has a favorable appearance and an increased pore volume. 

In the present invention, saturation with concentrated sulfuric acid is performed under 
reduced pressure, and the saturated product is carbonized in an inert gas current, but the 
temperature is preferably 600°C or more during carbonization, and carbonization cannot be 
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satisfactorily achieved at a temperature less than 600°C The effects do not change even if the 
temperature during carbonization is 800°C or more, but the temperature is preferably kept below 
800°C only because this needlessly increases energy loss. 

The amount in which the aforementioned concentrated sulfuric acid is saturated is 
preferably 10 to 50% by weight. Specifically, when the amount of saturation is 10 wt% or less, 
the pore volume of the resulting carbonaceous material is reduced, and the pore volume is also 
reduced when saturation is performed at 50 wt% or more. 

(Effect of the Invention) 

The carbonaceous material obtained by means of the present invention can be rapidly 
activated when activation is performed to obtain activated carbon, and the activated carbon 
obtained by such an activation has a high adsorption rate and a high balanced adsorption 
capacity. 

Working examples are described below to clarify the effects of the present invention. 
(Working Example 1) 

500 g of styrene, 200 g of 49% pure DVB, 120 g of polystyrene with a molecular weight 
of 50,000, and 1 kg of toluene were polymerized for 8 hours at 70°C with 1 g of benzoyl 
peroxide as a catalyst, and then polystyrene was extracted with benzene to obtain a microporous 
cross-linking spherical polyester resin with a DVB content of 17%. The physical properties 1 of 
the polymer are shown in Table 1. 

Table 1 shows the physical properties of carbonaceous material obtained by means of 
saturating this polymer with 10 wt% of 66 Be of concentrated sulfuric acid at a reduced pressure 
of 600 TORR 2 and then carbonizing the saturated polymer in N2 at 700°C. The results of similar 
saturation with 0 to 60% concentrated sulfuric acid are also shown. The results of saturation 
with concentrated sulfuric acid under atmospheric pressure and under increased pressure are also 
shown as comparative examples. 



1 Translator's note: See correction 1 at end of document. 

2 Translator's note: See correction 2 at end of document. 
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(Working Examples 2-5) 

Table 2 shows the results of preparing synthetic resins with different DVB contents by 
means of the same method in Working Example 1, saturating the resins with concentrated 
sulfuric acid under reduced pressure, and performing carbonization as Working Examples 2 
through 5. As comparative examples, synthetic resins with DVB contents of 10% or less and 
30% or more were prepared by means of the same method as Working Example 1 , and the resins 
were similarly saturated with concentrated sulfuric acid and carbonized. The results are shown 
in Table 2 as Comparative Examples 2 through 5. 



Table 1 



zr 

Pore volume 
(mL/g) 



DVB 
content 
(%) 



I) 

Raw/carbon 



Amount of 
H 2 SG 4 
(wt%) 



Pressure during 
saturation 
(Torr) 



Matrix 
resin 



Working Example 1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 

Comparative Example 1-1 



1-2 



17 
17 
17 
17 
17 
17 
17 
17 
17 

17 



raw 
carbon 
carbon 
carbon 
carbon 
carbon 
carbon 
carbon 
carbon 

carbon 



0 
5 
10 
20 
30 
50 
60 
30 

20 



0.43 
0.26 
0.44 
0.54 
0.57 
0.61 
0.65 
0.63 
0.32 

0.17 



160 

160 

160 

160 

160 

160 

160 

760 

(atmospheric 
pressure) 

1520 

(2 ata) 3 



St-DVB 
St-DVB 
St-DVB 
St-DVB 
St-DVB 
St-DVB 
St-DVB 
St-DVB 
St-DVB 

St-DVB 



1} Raw: Indicates a synthetic resin prior to carbonization. Carbon: indicates a carbonized synthetic resin. 
2) Indicates a pore volume with a radius in the range of 35-10 5 A measured by mercury injection. 



Translator's note: See correction 3 at end of document. 



JP 62 -197308 A 



PageS 



Table 2 





DVR 
content 

(%) 
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Raw/carbon 


Amount nf 

H 2 S0 4 
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l iKsbbUlK^ Uullllg 

saturation 
! (Torr) 
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Working Example 2 
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St-DVB 




3 


11.0 


raw 


0 
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— - 
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460 
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0.40 


— 


St-DVB 






20.0 


carbon 


50 
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360 
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tt 
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0.54 
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Comparative Example 2-1 
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II 
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0.36 
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0.31 
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5 


45.0 


raw 
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0.27 




St-DVB 






45.0 
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20 


0.31 


160 


St-DVB 



Raw: indicates a synthetic resin prior to carbonization. Carbon: indicates a carbonized synthetic resin. 
Indicates a pore volume with a radius in the range of 35-10 5 A, as measured by mercury injection. 
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PROCEDURAL AMENDMENT 
Director General of the Patent Office: Akio Kuroda 



March 17, 1987 



1 . Case Identification 

1986 Patent Application No. 17874 

2. Title of the Invention 

Method for Carbonizing Synthetic Resin 

3. Amender 

Relation to Case: Patent Applicant 
Address: 5-5-16 Hongo, Bunkyo-ku, Tokyo 
Title: (440) Organo Co., Ltd. 

Address: 4342 Tsurumi, Bizen-shi, Okayama Prefecture 
Title: Kuraray Chemical Co., Ltd. 

4. Agent T 113 

Address: 5-5-16 Hongo, Bunkyo-ku, Tokyo 

Organo Co., Ltd. 
Name: (6376) Akira Takahashi, Patent Attorney 
Phone: 812-5151 

5. Object of Amendment 

Columns in Detailed Description of the Invention in the Specification 

6. Specifics of Amendment: as follows 

The following matters in the Specification are to be revised. 

1. In line 3 of column 6, a Japanese typographical error is corrected. 

2. In line 4 of column 6, "600 TORR" is to be revised to "160 TORR." 

3. Table 1 in column 7 is to be revised as follows. 



End 
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Table 1 
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0.65 


160 


St-DVB 


1-8 


17 


carbon 


60 


0.63 


160 


St-DVB 


Comparative Example 1-1 
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0.32 


760 


St-DVB 












(atmospheric 














pressure) 




1-2 
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Raw: indicates a synthetic resin prior to carbonization. Carbon: indicates a carbonized synthetic resin. 
Indicates a pore volume with a radius in the range of 35-10 5 A, as measured by mercury injection. 
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